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(54) Apparatus for measuring the degree of edema 



(57) Disclosed is an edema measuring method 
comprising the steps of: putting at least two pairs of elec- 
trodes on different locations selected in the body; mak- 
ing an alternating current to flow in the body via one pair 
of electrodes; measuring voltage appearing between 



the other pair of electrodes; calculating impedance on 
the basis of the supplied alternating current and the 
measured voltage; and calculating an index value rep- 
resenting the degree of edema on the basis of the im- 
pedance. Also, an apparatus using the method is dis- 
closed. 
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D script! n 

Background f the Invention: 
Fi Id f the Invents n: 

[0001] The present invention relates to a method for 
measuring the degree of edema which appears in one's 
body and an apparatus using the same. 

Prior Art: 

[0002] A swell caused by Intra-cellular or extra-cellu- 
lar accumulation of interstitial fluid and lymph is called 
"edema". Appearing edema everywhere in a whole body 
may be realized as a symptom of diseases such as heart 
disease, kidney disease, liver disease, and such like. 
Therefore, measuring the degree of edema exactly is 
very useful in diagnosing or in monitoring patients' con- 
dition. 

[0003] The degree of edema, however, cannot be 
measured by ordinary people. Patients suffering from 
heart disease, kidney disease, liver disease or such like 
can monitor their weights regularly at home. The incre- 
mental weight, however, cannot be used as indicating 
the increment of water content in the body. The degree 
of edema, therefore, cannot be measured in terms of 
incremental weight. Specifically the body weight (Wt) 
represents a sum of weights of different body composi- 
tions, such as fat, fat free mass and total body water 
including intra-cellular water (ICW) and extra-cellular 
water (ECW). The weight of each body composition, 
however cannot be separated from the weight of the 
body. 

[0004] One object of the present invention is to pro- 
vide a method of measuring the degree of edema with 
accuracy and easiness. 

[0005] Another object of the present invention is to 
provide an apparatus which is capable of measuring the 
degree of edema with accuracy and easiness. 

Summary of the Invention: 

[0006] A method for measuring the degree of edema 
of a person according to the present invention compris- 
es the steps of: putting at least two pairs of electrodes 
on different locations selected in the body of the person; 
supplying alternating current to one pair of electrodes; 
measuring voltage appearing between the other pair of 
electrodes; calculating impedance on the basis of the 
supplied alternating current and the measured voltage; 
and calculating an index value representing the degree 
of edema on the basis of the impedance. 
[0007] Said alternating current may include a plurality 
of alternating current components of different frequen- 
cies, which are supplied one after another to said one 
pair of electrodes; voltage appearing between said the 
other pair of electrodes may be measured every time 



when an alternating current component of selected fre- 
quency is supplied; the impedance value may be calcu- 
lated on the basis of each alternating current component 
and corresponding voltage; and the index value of ede- 
5 ma may be calculated on the basis of the so calculated 
impedance values. 

[0008] The index value of edema thus calculated may 
be a ratio of intra-cellular water to extra-cellular water 
or inversely, or a ratio of extra-cellular water to total body 
water or inversely. 

[0009] An alternating current of single frequency may 
be supplied to said one pair of electrodes; and the index 
value of edema may be calculated on the basis of the 
phase difference between the alternating current and 
the voltage, and the resistance value calculated from the 
alternating current and the voltage. 
[0010] An apparatus which is capable of measuring 
the degree of edema of a person according to the 
present invention comprises: at least two pairs of elec- 
trodes to be put on selected locations in the body of the 
person; an alternating current supplying device which 
supplies alternating current to one pair of electrodes; a 
voltage measuring device which measures the voltage 
appearing between the other pair of electrodes; and an 
arithmetic unit which calculates impedance on the basis 
of the supplied alternating current and the determined 
voltage, and calculates an index value representing the 
degree of edema on the basis of the so calculated im- 
pedance. 

[0011] The alternating current supplying device .may 
supply a plurality of alternating currents of different fre- 
quencies to said one pair of electrodes: and the voltage 
measuring device may measure the voltage appearing 
between said the other pair of electrodes every time 
when an alternating current of selected frequency is 
supplied, allowing the arithmetic unit to calculate the im- 
pedance values on the basis of each alternating current 
and corresponding voltage and to calculate the index 
value of edema on the basis of the so calculated imped- 
ance values. 

[001 2] The index value of edema thus calculated may 
be a ratio of intra-cellular water to extra-cellular water 
or inversely, or a ratio of extra-cellular water to total body 
water or inversely. 

[0013] The edema measuring apparatus may further 
comprise a phase difference measuring device which 
measures the phase difference between the supplied al- 
ternating current and the measured voltage, whereby 
the arithmetic device may calculate the index value of 
edema on the basis of the phase difference and the re- 
sistance value calculated from the alternating current 
and the voltage provided that an alternating current of 
single frequency is supplied to said one pair of elec- 
trodes. 

[0014] The edema measuring apparatus may further 
comprise an estimating device which determines what 
stage of edema the person has from the calculated in- 
dex value of edema and other relevant data to be re- 
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ferred to. 

[0015] Said estimating device may further determine 
whether the amount of food has been regulated well 
from the calculated index value of edema and other rel- 
evant data to be referred to. 

[0016] Said other relevant data may be body weight 
or fat free mass of the person. 

[0017] The edema measuring apparatus may further 
comprise an estimating device which determines what 
stage of edema the person has by comparing the cal- 
culated index value of edema with a reference value 
which represents the index value of edema in normal 
physical condition. 

[0018] The edema measuring apparatus may further 
comprise an estimating device which determines what 
stage of edema the person has by comparing the 
present index value of edema with the average of the 
index values of edema already calculated. 
[0019] The edema measuring apparatus may further 
comprise a display which shows the calculated index 
value of edema and/or the determined stage of edema 
the person has. 

[0020] Said display may show a series of index values 
of edema already calculated, representing how the in- 
dex value of edema has been varied. 
[0021] Said display may show averages of index val- 
ues of edema, each average representing the average 
of the index values calculated in each of 10 to 15 equi- 
divisions into which the length of time spanning from the 
outset to the latest measurement is divided. 
[0022] The edema measuring apparatus may further 
comprise a communication device which transmits to 
other data processors at least one sort of information 
selected among measured voltage, measured phase 
difference, some derivations therefrom, calculated in* 
dex value of edema, determined stage of edema the 
person has. and personal particulars. 
[0023] Said communication device may receive the 
results of a given process executed on said information 
in said other data processors. 

[0024] The edema measuring apparatus may further 
comprise a writing device which writes one sort of infor- 
mation selected among measured voltage, measured 
phase difference, some derivations therefrom, calculat- 
ed index value of edema, determined stage of edema 
the person has., and personal particulars. 
[0025] Other objects and advantages of the present 
invention will be understood from the following descrip- 
tion of some preferred embodiments, which are shown 
in accompanying drawings: 

Fig.1 illustrates major parts of an edema measuring 
apparatus according to a first embodiment of the 
present invention; 

Fig.2 is a flowchart showing a series of actions tak- 
en for measuring the degree of edema in the body; 
Fig.3 illustrates a screen image initially appearing 
jn the display of the apparatus of Fig.1 ; 



Fig.4 illustrates a screen image in inputting person- 
al particulars; 

Fig. 5 shows an equivalent circuit representing bio- 
electrical impedance; 
s Fig. 6 shows one example of locus which the points 
of bioelectrical impedance vectors follow; 
Fig.7 illustrates a screen image showing the r suits 
of measurement effected by the edema measuring 
apparatus; 

Fig. 8 illustrates a screen image showing one exam- 
ple of retro-graphic representation of the values of 
latest and preceding measurements effected in a 24 
hour period counted from the latest measurement; 
Fig.9 illustrates a screen image showing one exam- 
pie of retro-graphic representation of all measure- 
ments which were effected before; 
Fig. 10 illustrates major parts of an edema measur- 
ing apparatus according to a second embodiment 
of the present invention; 

Fig. 11 illustrates an edema measuring apparatus 
equipped with a hand-held type of electrode assem- 
bly; 

Fig.1 2 illustrates another edema measuring appa- 
ratus equipped with a sole-contacting type of elec- 
trode assembly; 

Fig.1 3 shows a certain domain in which normal val- 
ues of bioelectrical impedance can be given in 
terms of resistive and reactive components; 
Fig. 1 4 shows one example of locus which the points 
of bioelectrical impedance vectors follow; 
Fig.1 5 illustrates a screen image showing one ex- 
ample of retro-graphic representation of the values 
of latest and preceding measurements effected in 
a 24 hour period counted from the latest measure- 
ment: 

Fig. 16 illustrates a screen image showing one ex- 
ample of retro-graphic representation of all meas- 
urements which were effected before: 
Fig.1 7 illustrates an edema measuring apparatus 
with the scales and an associated memory card: 
and 

Fig. 18 is a flowchart illustrating a series of actions 
taken for measuring the degree of edema when us- 
ing the edema measuring apparatus of Fig.1 7. 

Description of Preferred Embodiments: 

[0026] The present invention can be reduced to prac- 
tice in two different modes: one uses plural alternating 
currents of different frequencies, and the other uses an 
alternating current of single frequency. The latter is sim- 
ple in structure, and is easy in operation. The following 
description begins with the former as a first embodi- 
ment, the latter being described later as a second em- 
bodiment. 

[0027] Fig.1 illustrates major components of an ede- 
ma measuring apparatus according to the first embodi- 
ment. As seen from the drawing, the major components 
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are shown as being grouped in two sections (broken 
lines): the first section takes the roles of control, arith- 
metic operation, and input-output of data whereas the 
second section takes the roles of measurement of bio- 
electrical impedance and A/D conversion. 5 
[0028] The first section includes a control-and-arith- 
metic unit 2, a ROM 3, a RAM 4, a nonvolatile auxiliary 
memory 5, a display 6, an external input-output interface 
7, an external interface terminal 8, a key-operated input 
device 9, a clock 10, a modem built-in communication 
device 11, a power distributor 12 and a power supply 
terminal 13. 

[0029] The control-and-arithmetic unit 2 performs the 
controlling of measurement and the processing of the 
results of measurement. The ROM 3 stores programs 
and some parameters for control and arithmetic opera- 
tions. The RAM 4 temporarily stores the results of meas- 
urement or acquired data, the results of arithmetic op- 
erations, the data derived from external devices, select- 
ed programs and such like. The auxiliary memory 5 
stores the acquired data, the results of arithmetic oper- 
ations, some parameters relating to measurements and 
such like. The display 6 shows some helpful guidance 
of operation, the progressing of measurement, the re- 
sults of measurements, the results of arithmetic opera- 
tions and such like. The external input-output interface 
7 permits some parameters relating to measurement 
and the results of measurements to be transferred to 
external devices, and inversely it permits some param- 
eters relating to measurement, instructions for control- 
ling measurement, control programs and such like to be 
supplied from external devices. The external input-out- 
put interface 7 can be connected to given external de- 
vices via the external interface terminal 8. The key-op- 
erated input device 9 inputs data such as instructions 
for controlling the present apparatus and personal par- 
ticulars required for measurement. The clock 10 meas- 
ures on what day and time each measurement is made, 
recording such day and time for later use. The commu- 
nication device 11 transm^ the results of measure- 
ments and some derivation herefrom to other comput- 
ers via telephone lines. The power distributor 12 is sup- 
plied with elect? power from an external power supply 
via the termini 13 to distribute the electric power to 
each component of the edema measuring apparatus. 
[0030] The second section includes an AC signal gen- 
erator 20, an AC current output device 21 , a reference 
AC current detecting device 22, paired AC current out- 
put terminals 30 and 31 , paired measurement current 
applying electrodes 50 and 51 , paired measurement ca- 
bles 40 and 41 which connects the terminals 30 and 31 
to the electrodes 50 and 51 respectively, a first A/D con- 
verter 23, paired voltage measurementterminals 32 and 
33, paired voltage measurement electrodes 52 and 53, 
paired measurement cables 42 and 43 which connects 
the terminals 32 and 33 to the electrodes 52 and 53 re- 
spectively, a voltage detecting device 25 and a second 
A/D converter 24. 



[0031] The AC signal generator 20 provides a plurality 
of alternating current signals of different frequencies 
which are determined according to the control program 
stored in the ROM 3 or the RAM 4. Such alternating cur- 
rents of different frequencies are directed to the AC cur- 
rent output device 21 , in which their effective values are 
modified according to the control program stored in the 
ROM 3 or the RAM 4, and then the so modified alternat- 
ing currents are directed to the reference AC current de- 
tecting device 22. The device 22 provides the alternating 
currents of different frequencies sequentially at its out- 
put terminals 30 and 31 , so that a selected alternating 
current may be made to flow in one's body via the paired 
measurement cables 40 and 41 and the paired el c- 
trodes 50 and 5 1 . At the same time the device 22 detects 
the quantity of the alternating current flowing in the body, 
the analogue value of which alternating current is con- 
verted to a corresponding digital value in the first A/D 
converter 23. On the other hand the voltage detecting 
device 25 receives at its input terminals 32 and 33 a sig- 
nal representing the voltage appearing between the 
paired voltage measurement electrodes 52 and 53, 
which are applied to two points selected on the body 60, 
via the measurement cables 42 and 43. Thus, the volt- 
age is detected in the voltage detecting device 25, and 
the so detected voltage is converted to a corresponding 
digital value in the second A/D converter 24. 
[0032] Bioelectrical impedance appearing between 
two points selected on one hand and one foot of the per- 
son 60 in lying posture is measured in the conventional 
way well known perse. One of the measurerhent current 
applying electrodes 50 is applied to a selected inter-fin- 
ger joint point of the back of the hand and the other lec- 
trode 51 is applied to a selected inter-finger joint point 
of the instep of the foot. One of the voltage measure- 
ment electrodes 52 is applied to a selected point of the 
wrist and the other electrode 53 is applied to a selected 
point of the ankle. 

[0033] Fig.2 shows a flowchart illustrating a series of 
actions taken for measuring the degree of edema of a 
person. The power switch is depressed at step 1 : thus 
initializing the edema measuring apparatus 1 at step 2. 
Then, the screen image of Fig.3 appears on the display 
6 at step 3. At step 4 a check is made in terms of whether 
personal particulars including sex, height, body weight 
and age of the person have been already input. In the 
affirmative case the proceeding goes to step 8. In the 
negative case the proceeding goes to step 5, in which 
the blanked screen image of Fig. 4 appears on the dis- 
play 6. At step 6 when the blanks are filled with personal 
particulars with the aid of the key-operated input device 
9, the initial screen image of Fig.3 appears again at step 
7, and then the proceeding goes to step 8. At step 8 the 
person can select a desired item among "measure- 
ment", "graphical representation" and "communication" 
simply by depressing the keys representing numbers 1 , 
2 and 3 allotted to such functions in the screen of Fig.3. 
Specifically when the key "1" is depressed, the screen 
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image of Fig. 4 appears with its blanks filled with person- 
al particulars at step 9. Such personal particulars can 
be modified as desired by using the key-operated input 
device 9 at step 10. Then, the proceeding goes to step 
11, where measurement of bioelectrical impedance is 
made to start by depressing the measurement onset 
key. The measurement current applying electrodes 50 
and 51 and the voltage measuring electrodes 52 and 53 
should be applied to selected points of the person 60 
before depressing the measurement onset key. 
[0034] At step 12 the bioelectrical impedance is 
measured as follows. The AC signal generator 20 pro- 
duces automatically an alternating current signal having 
a frequency determined in terms of some measurement 
parameters. These parameters are pre-stored in the 
ROM 3, or are stored in the RAM 4 after being trans- 
ferred from the auxiliary memory 5 or the external input- 
output interface 7. The alternating current of the so de- 
termined frequency is directed to the AC current output 
device 21 , where the effective value of the alternating 
current is modified according to similar measurement 
parameters. The so controlled alternating current pass- 
es through the reference current detecting device 22, 
the paired AC current output terminals 30 and 31 , the 
paired measurement cable 40 and 41 and the paired 
measurement current applying electrodes 50 and 51 , 
flowing in the body 60. Then, the quantity of the alter- 
nating current flowing in the body 60 is detected by the 
reference AC current detecting device 22, the analog 
value of which alternating current is converted to a cor- 
responding digital value in the first A/D converter 23. 
The digital value is stored in the RAM 4. 
[0035] On the other hand s a signal representing the 
voltage appearing between the paired voltage measure- 
ment electrodes 52 and 53. which are applied to two 
points selected on the body 60, is supplied to the voltage 
detecting device 25 via the paired measurement cable 
42 and 43 and the paired voltage measurement termi- 
nals 32 and 33. In the device 25 the voltage appearing 
between the paired electrodes 52 and 53 is detected, 
and the so detected voltage is converted to a corre- 
sponding digital value in the second A/D converter 24 ; 
so that the digital value is stored in the RAM 4. The arith- 
metic-and-control unit 2 calculates the bioelectrical im- 
pedance based on the digital values from the first and 
second converters 23 and 24. Repeating the above 
mentioned procedure, a series of bioelectrical imped- 
ance values are provided by using alternating currents 
of different frequencies Fi (i=1 , 2, n) one after anoth- 
er. 

[0036] Now, the proceeding goes to step 1 3, in which 
arithmetic operations using the bioelectrical impedance 
values measured at step 12 are executed to calculate 
an equation representing a locus of bioelectrical imped- 
ance vectors, which locus is drawn by plotting their 
points, and some variables relating to the so calculated 
locus. 

[0037] Ordinarily a bioelectrical impedance can be ex- 
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pressed equivalently by a lumped-constant circuit, 
which consists of extra-cellular water resistance Re, in- 
tra-cellular water resistance Ri, and cell membrane ca- 
pacitance Cm as shown in Fig. 5. The locus of bioelec- 

s trical impedance values actually measured, however, is 
not In conformity with a semicircular locus drawn theo- 
retically from the impedance values, which are deter- 
mined from the equivalent circuit whose components 
are given in the form of lumped constant elements. Be- 

w cause all cells of a living body cannot be expressed by 
one and same equivalent circuit; specifically each cell 
has a different shape and characteristic, and should be 
expressed by a different equivalent circuit allotted only 
to the same, particular cell for exclusive use. As a matter 

15 of fact, the locus of bioelectrical impedance vectors ac- 
tually measured is given by an arc determined according 
to Cole-Cole model. 

[0038] One example of arc-like locus determined from 
Cole-Cole model is shown in Fig.6, in which the abscis- 
20 sa (X-axis) and the ordinate (Y-axis) represent the re- 
sistive component and reactive component of the bioe- 
lectrical impedance respectively. As the reactive com- 
ponent of the bioelectrical impedance is capacitive, and 
is given by a negative value, the locus of bioelectrical 
25 impedance is located below the X-axis. As the calculat- 
ed locus of bioelectrical impedance is assumed to be in 
conformity with circular arc shape, the points of bioelec- 
trical impedance Z v Z 2 , Z N actually measured in 
terms of frequencies F-,, F 2 , .... F N , follow a selected part 
30 of the circumference of a circle, which is given by the 
following equation (1): 

(X-a) 2 +(Y-b) 2 =r 2 (1) 

35 

, where "a" and "b" are the abscissa and ordinate of the 
center of the circle, and "r" stands for the radius of the 
circle. The values of "a", "b" and V can be given by 
putting the impedance values Z v Z 2 . Z N actually 
40 measured in terms of frequencies F v F 2 . -», F N in equa- 
tion (1). 

[0039] Equation (1) is rewritten in terms of "X": 

f. 

45 X = a ± Jr 2 - b 2 (2) 

The X-axis traverses the circle represented by equation 
(1 ) at the intersections R0 and Rinf (R0 > Rinf), which 
so intersections can be given by equations (3) and (4): 

R0 = a+Vr 2 -b 2 (3) 

55 f~3 — 2 

Rinf = a-Vr -b (4) 
Re and Ri of an equivalent circuit in Fig. 5 can be given 
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by equations (5) and (6): 



Re=R0 



Ri=R0 • Rinf/(R0-Rinf) 



(5) 



(6) 



[0040] The characteristic bioelectrical impedance 
vector Zc appears in measurement by making an alter- 
nating current of characteristic frequency Fc to flow in 
the body. Its reactive component has a maximum abso- 
lute value on the locus of bioelectrical impedance. The 
abscissa and ordinate of the characteristic bioelectrical 
impedance are given by: 



X=a 



Y=b-r 



Zc is represented by equation (9): 



Zc= Rc+jXc=a+j (b-r) 



(7) 



(8) 



(9) 



, where Rc and Xc stand for the resistive and reactive 
components of Zc. 

[0041] Bioelectrical impedance vectors for given an- 
gular frequencies to can be calculated on the basis of 
Cole-Cole model, and are given by equation (10): 



Z«D) = 



RO-Rinf 
1 + (jcox) P 



, where Z(to) stands for bioelectrical impedance vector 
for to: and x and p are constants. Following equation (11) 
results by putting 1 / to c as a substitute for x in equation 
(10): 



Z(o» = 



RO-Rinf 
1 + (jco/coc) p 



(11) 



, where toe is equal to 2tcFc Fc and p can be calculated 
from equation (11) by using the measured value of bio- 
electrical impedance. 

[0042] From the equation of the bioelectrical imped- 
ance locus, and from the derivations from measured val- 
ues of bioelectrical impedance, such as RO, Rinf, Re, 
Ri, Zc, Rc, Xc, Fc, and such like the weight each of fol- 
lowing body compositions can be calculated: extra-cel- 
lular water, intra-celiular water, total body water (a sum 
of extra-cellular water plus intra-cellular water) . body fat, 
fat free mass (which can be obtained by subtracting the 
body fat from the body weight) and such like. Further, 
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from these calculated composition weights, following 
variables can be obtained: a ratio between intra-cellular 
water content and extra-cellular water content, a ratio 
between extra-cellular water content and total body wa- 
ter content, body fat percentage and such like. 
[0043] Then the proceeding goes to step 14, where 
the screen image of Fig. 7 appears on the display 6, 
showing the body weight and the index value represent- 
ing the degree of edema. Any other measured value and 
derivations from some measured values may be pre- 
sented. The index value of edema is given as a ratio 
between intra-cellular water content and extra-cellular 
water content. The index value of edema, however, can 
be given as extra-cellular water content, a ratio between 
extra-cellular water content and total body water con- 
tent. Also, in Fig.7 t though body weight is shown as oth- 
er relevant data to be referred to, any other data such 
as fat free mass may be shown. 

[0044] Usually, the edema appearing during a short 
period, say one day to several weeks is attributable to 
the increase of extra-cellular water, while intra-cellular 
water remains almost unchanged. Accordingly a ratio of 
intra-cellular water to extra-cellular water falls whereas 
a ratio of extra-cellular water to total body water rises. 
The body weight increases with the increase of extra- 
cellular water, intra-cellular water or body fat, which con- . 
tributes to the increase of the total body water as much. 
Also, fat free mass increases with the increase of extra- 
cellular water or intra-cellular water. 
[0045] These findings suggest that from the index val- 
ue of edema and other relevant data it is possible to de- 
termine what stage of edema the person has ; and 
whether the amount of food has been regulated well in 
consideration of influence of edema on the body weight 
for example, follows: 

assuming that the index value of edema be given 
by a ratio of intra-cellular water to extra-cellular water. 
ICW/ECW. and that the relevant data be the body 
weight. Wt. 

1) if ICW/ECW decreases and if Wt increases, this 
indicates that extra attention to edema is required; 

2) if ICW/ECW decreases and if Wt remains un- 
changed, this indicates that extra attention to ede- 
ma is required, and that extra attention to malnutri- 
tion is required as insufficient amount of food has 
been taken: 

3) if ICW/ECW remains unchanged, and if Wt in- 
creases, this indicates that the person should re- 
frain himself from overeating as an excessive 
amount of food has been taken; and 

4) if ICW/ECW and Wt remain unchanged, this in- 
forms that there is no fear of edema, and that the 
person takes an appropriate amount of food. 

[0046] Assuming that the index value of edema be 
given by a ratio of extra-cellular water to total body wa- 
ter, ECW/TBW, and that the relevant data be the weight 
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[0047] Different from the determination based on the 
time-related variation of the index value of edema as de- 
scribed above, similar determination may be made by 
comparing the present index value of edema with a cer- 
tain reference which represents the physical condition 
of a wholesome body, as for instance follows: the ratio 
of intra-cellular water to extra-cellular water in the 
wholesome body is about 1 to 1 .2. If the present index 
value of edema is lower than this value, extra attention 
to edema is required. In case of using a ratio of extra 
cellular water to total body water as the index value of 
edema, the normal value is about 0.45 to 0.50, and if 
the index value of edema is higher than this value, extra 
attention to edema is required. 

[0048] Assuming that a person is under medical treat- 
ment such as dialysis treatment, an index value of ede- 
ma used as reference needs to be determined in con- 
sideration of the physical condition inherent to the pa- 
tient, affected by such medical treatment. As for a per- 
son who has a dialysis treatment every other day. ordi- 
narily the increment of body weight due to such medical 
treatment is equal to 3 or less percent of the reference 
body weight of the patient, and it is assumed that the 
weight of total body water be increased so much. The 
particulars of the patient are: the reference body weight 
50 kg; the total body water 30 kg; intra-cellular water 1 5 
kg: and extra-cellular water 15 kg. For these particulars 
of the patient when one kind of index value of edema ( 
the ratio of intra-cellular water to extra-cellular water) is 
used as reference, it is about 0.91 . When another kind 
of index value of edema ( the ratio of extra-cellular water 
to the total body water) is used as reference, it is about 
0.52. For the former case the tendency of index value 
of edema decreasing below 0.91 requires extra atten- 
tion to edema whereas for the latter case the tendency 
of index value of edema increasing above 0.52, requires 
extra attention to edema. 

[0049] The average of all previous index values of 
edema and the average of all the previous body weight 
values may be used as the reference index value of ede- 



ma and the reference body weight respectively. Then, 
what stage of edema the person has and whether the 
amount of food has been regulated well may be deter- 
mined by comparing the present index value of edema 
and the present body weight with the reference index 
value of edema and the reference body weight. To meet 
this average-based determination the edema measur- 
ing apparatus may be so modified that: the index value 
of edema and body weight may be stored in an auxiliary 
memory 5 at each measurement; the average index val- 
ue of edema and the average body weight may be cal- 
culated from these stored data; what stage of edema 
the person has and whether the amount of food has 
been regulated well may be determined by comparing 
the present index value of edema and the present body 
weight with the average index value of edema and the 
average body weight; and the determinations thus made 
are given in the display by using arrows or facelike 
marks as for instance, follows: " T " or "( A 0 A )" indicates 
— fairly good — ; or "(•_•)" indicates — good — , and " 
1 " or "(T_T)" indicates —bad—. 

[0050] At step 1 5 the values of measurement, deriva- 
tions therefrom and other data are stored in an auxiliary 
memory 5. Such data may be transferred to external de- 
vices via the external input-output interface 7. 
[0051] At step 16, if the re-measuring key is de-. 
pressed, the proceeding goes back to step 11, from 
which another series of actions taken for measurement 
are executed again. If the graphic representation key is 
depressed instead of the re-measuring key, the pro- 
ceeding goes to step 1 7, where the screen image of Fig. 
8 or 9 appears on the display. Fig. 8 shows retro-graphic 
representation of the index values of edema and the 
body weights measured in the latest and preceding 
measurements effected in a 24 hour period counted 
from the latest measurement. Fig. 9 shows retro-graphic 
representation of the index values of edema and the 
body weights measured in all measurements which 
were effected before. 

[0052] In these graphs the ratio of intra-cellular water 
to extra-cellular water (ICW/ECW) is used as the index 
value of edema, and the body weight (Wt) is used as the 
relevant data to be referred to. The extra-cellular water 
(ECW) or the ratio between extra-cellular water and total 
body water (EC W/TBW) may be used as the index value 
of edema, and the fat free mass may be used as the 
relevant data to be referred to. 

[0053] In Fig. 8 two or more retro-graphic representa- 
tions of the values of measurements which were effect- 
ed for 24 hours and for a long period such as week or 
month may be selected for display, thereby permitting 
the surveying of historical variation of the variables for 
an elongated length of time. 

[0054] Referring to Fig.9 again, the length of time 
spanning from the outset to the latest measurement is 
divided in 12 equi-divisions, and each average of the 
index values of edema calculated in each of the equi- 
divisions is displayed as one value so as to display 12 



of the fat free mass, FFM, 

1) if ECVWTBW increases, and if FFM increases, 
this indicates that extra attention to edema is re- 
quired; 5 

2) if ECW7TBW increases, and if FFM remains un- 
changed, this indicates that extra attention to ede- 
ma is required, and that extra attention to malnutri- 
tion is required as insufficient amount of food has 
been taken; 10 

3) if ECVWTBW remains unchanged, and if FFM in- 
creases, this indicates that the person should re- 
frain himself from overeating as an excessive 
amount of food has been taken; and 

4) if ECW/TBW and FFM remain unchanged, this 1$ 
informs that there is no.fear of edema, and that the 
person takes an appropriate amount of food. 
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values in total. Preferably the number of divisions are 
10 to 15. For example, in case that the measurements 
were effected for one month, the whole month is prefer- 
ably divided every 3 days apart to provide 10 equi-divi- 
sions. The six month measurement span may be divided s 
every half a month apart to provide 12 equi-divisions. 
[0055] Then at step 1 8, the depressing of the ending 
key allows the apparatus to turn off, finishing the meas- 
urement. 

[0056] The following description returns to and begins 10 
with step 8. At step 8 the key "2" allotted to "graphical 
representation" is depressed, and then the proceeding 
goes to step 1 9, where data and parameters for display 
are retrieved from the auxiliary memory 5. Then, at step 
17 the desired graphical representations of predeter- 1$ 
mined configuration such as shown in Fig. 8 or 9 appear. 
[0057] Likewise, at step 8 the key "3" allotted to "com- 
munication" is depressed, and then the proceeding goes 
to step 20, where selected data and parameters are re- 
trieved from the auxiliary memory 5. At step 21 these 20 
data and parameters are transmitted to a selected ex- 
ternal data processor via telephone lines. Such data 
may include: the values of bioelectrical impedance and 
other measured values (voltage, phase difference ther- 
ebetween, and date and time of measurement, etc.); 25 
derivations therefrom (R0, Rinf, Re, Ri, Zc, Rc, Xc, or 
Fc, etc.); weights of body compositions (intra-cellular 
water, extra-cellular water, total body water, fat free 
mass or body fat, etc.); a variety of index values of ede- 
ma (extra-cellular water, ratio between intra-cellular wa- 30 
ter and extra-cellular water, ratio between extra-cellular 
water and total body water, etc.); personal particulars 
(identification number, name, sex, age, height, body 
weight, etc.) and so on. 

[0058] Such communication is useful in edema-mon- 35 
itoring at home for an outpatient who is under medical 
treatment. Thanks to such communication capability, 
the patient measures the index value of edema by using 
the edema measuring apparatus at home so that he may 
transmit the required data such as the so measured in- *o 
dex values of edema to the external data processor in- 
stalled in the hospital at a distant place. Thus a doctor 
can realize the degree of edema of the patient accurate- 
ly, permitting him to appoint a time for next treatment 
appropriately A significant contribution to medical activ- *s 
ity may be expected. 

[0059] The external data processor may execute a re- 
quired process on data received from the edema meas- 
uring apparatus, and the external data processor may 
transmit the processing's result to the edema measuring so 
apparatus. Receiving the result the edema measuring 
apparatus may show the result on the display. 
[0060] Next, an edema measuring apparatus accord- 
ing to the second embodiment which uses an AC signal 
generator capable of providing an alternating current of ss 
single frequency at its output terminals will be described. 
[0061] Fig. 10 illustrates major parts of the edema 
measuring apparatus, which is differentfrom the edema 



measuring apparatus of Fig.1 using a multifrequency 
AC signal generator in that an alternating current of one 
frequency is supplied to a person. In this particular ex- 
ample the person stands upright, permitting the meas- 
uring of the bioelectrical impedance appearing between 
two points selected on both hands. Referring to Fig. 11, 
the edema measuring apparatus is equipped with a 
hand-held type of electrode assembly 54, which com- 
prises paired measuring current applying electrodes 50 
and 51 and another paired voltage measurement elec- 
trodes 52 and 53. These electrodes are fixed apart from 
each other on the assembly 54. 

[0062] Instead of measuring the bioelectrical imped- 
ance appearing between hands, the bioelectrical imped- 
ance appearing between one and the other foot may be 
measured by using a sole-contacting type of electrode 
assembly 55, as shown in Fig. 12. It has paired measur- 
ing current applying electrodes 50 and 51 and another 
paired voltage measurement electrodes 52 and 53 fixed 
on the assembly 55. 

[0063] The degree of edema can be measured in the 
same way as above. Specifically a series of actions tak- 
en for the measurement follows the flowchart of Fig. 2, 
provided that at step 12 an alternating current of single 
frequency F 1 in place of the multiple frequencies is 
made to flow in the body to measure the bioelectrical 
impedance value and the phase difference between the 
applied alternating current and the measured voltage 
appearing between two points selected on the body 
[0064] At step 13 a decision is made on the bioelec- 
trical impedance value measured for the frequency 
F 1 in terms of whether it is in a normal impedance do- 
main (see the graph of Fig. 13 plotted for 50 KHz, ab- 
scissa: resistive value R and ordinate: reactive value X), 
in which normal values of bioelectrical impedance would 
exist. If the bioelectrical impedance value 2 1 is not within 
the domain, it is supposed to be abnormal, and then, 
some variables relating to the locus of bioelectrical im- 
pedance vectors are obtained from the measured value 
of bioelectrical impedance as follows. 
[0065] As described the above, the locus of bioelec- 
trical impedance vectors actually measured is assumed 
to be in conformity with circular arc shape. The bioelec- 
trical impedance Z 1 is located on a selected point of the 
circumference of the circle as shown in Fig. 14, in which 
the abscissa (X-axis) and the ordinate (Y-axis) repre- 
sent the resistive component and reactive, component 
of the bioelectrical impedance respectively. 
[0066] A bioelectrical impedance value for a given an- 
gular frequency ©F is given by: 

Z(<oF) = ? g (12) 

1 + (j<oF/co0) p 

, where co 0 and p are constants. Following equation (1 3) 
results by substituting 1 for p in equation (12): 
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Z(coF) = 



1 + ja>F/c>0 



(13) 



Claims 



[0067] From the measured value of bioelectrical im- 
pedance and the measured phase difference, the s 
weights of body compositions such as total body water, 
fat free mass, body fat, and such like can be calculated. 
From these calculated composition weights, variables 
such as body fat percentage can be obtained. Further, 
an index value of edema is calculated from the meas- to 
ured phase difference and resistive value, which resis- 
tive value is obtained from the applied alternating cur- 
rent and the measured voltage value. The so calculated 
index value of edema appears on the display 6 at step 
14 and at step 17. For instance, the screen images of *5 
Figs. 15 and 16 alternately appear at step 17. 
[0068] The edema measuring apparatus 1 may be so 
modified that desired pieces of information such as 
measured values, some variables derived therefrom, 
weighs of body compositions, index values of edema 20 
and personal particulars may be written to memory 
cards 56 shown in Fig.1 7 and other portable record me- 
diums, to which other data processors can access. 
Availing himself of this function, the patient at home can 
record the desired pieces of information on a portable 25 
record medium without clerical, producing it at hospital. 
[0069] The edema measuring apparatus may be in- 
corporated into a portable terminal. 
[0070] The sole-contacting type of electrode assem- 
bly 55 may be easily modified to function as the scales 30 
57 shown in Fig.17. With this modification the edema 
measuring apparatus may follow the flowchart of Fig.1 8 ; 
making it unnecessary for the user to input his weight 
with the aid of the key-operated input device 9 at step 6 
or 1 0 as described above. Specifically at step 2' it is con- 35 
firmed that the sole-contacting type of electrode assem- 
bly 55 capable of weighing one's weight is connected to 
the external input-output interface 7. The body weight is 
measured at step 12*. 

[0071] In the embodiments as described above the -w 
hand-to-foot, hand-to-hand, or foot-to-foot bioelectrical 
impedance is measured. As a matter of course, two or 
more different bioelectrical impedances among them 
are measured one after another to locate on which part 
of the body an edema appears. 

[0072] As may be understood from the above, the 
edema measuring method and apparatus can measure 
the degree of edema with accuracy and easiness by 
putting at least two pairs of electrodes on different loca- 
tions selected in the body; making an alternating current 
to flow in the body via one pair of electrodes; measuring 
voltage appearing between the other pair of electrodes; 
calculating impedance on the basis of the supplied al- 
ternating current and the measured voltage; and calcu- 
lating an index value representing the degree of edema 55 
on the basis of the impedance. 5. 



1 . An apparatus which is capable of measuring the de- 
gree of edema of a person characterized in that it 
comprises: 

at least two pairs of electrodes (50, 51 , 52, 53) 
to be put on selected locations in the body of 
the person (60); 

an alternating current supplying device (20, 21 ) 
which supplies alternating current to one pair 
of electrodes (50, 51); 

a voltage measuring device (25) which meas- 
ures the voltage appearing between the other 
pair of electrodes (52, 53); and 
an arithmetic unit (2) which calculates imped- 
ance on the basis of the supplied alternating 
current and the determined voltage, and calcu- 
lates an index value representing the degree of 
edema on the basis of the so calculated imped- 
ance. 

2. An apparatus according to claim 1 wherein: 

the alternating current supplying device (20, 
21) supplies a plurality of alternating currents, 
of different frequencies to said one pair of elec- 
trodes (50, 51), and 

the voltage measuring device (25) measures 
the voltage appearing between said the other 
pair of electrodes (52, 53) every time when an 
alternating current of selected frequency is 
supplied, allowing the arithmetic unit (2) to cal- 
culate the impedance values on the basis of 
each alternating current and corresponding 
voltage and to calculate the index value of ede- 
ma on the basis of the so calculated impedance 
values. 

3. An apparatus according to claim 2 wherein the in- 
dex value of edema is a ratio of intra-cellular water 
to extra-cellular water or inversely or a ratio of ex- 
tra-cellular water to total body^ water or inversely. 



45 4. 



50 



An apparatus according to claim 1 wherein it further 
comprises a phase difference measuring device 
which measures the phase difference between the 
supplied alternating current and the measured volt- 
age, whereby the arithmetic device (2) may calcu- 
late the index value of edema on the basis of the 
phase difference and the resistance value calculat- 
ed from the alternating current and the voltage pro- 
vided that an alternating current of single frequency 
is supplied to said one pair of electrodes (50, 51). 

An apparatus according to any of claims 1 to 4 
wherein it further comprises an estimating device 
which determines what stage of edema the person 



9 



17 



EP1 118 308 A1 



18 



has from the calculated index value of edema and 
other relevant data to be referred to. 

6. An apparatus according to claim 5 wherein said es- 
timating device further determines whether the 5 
amount of food has been regulated well from the 
calculated index value of edema and other relevant 
data to be referred to. 

7. An apparatus according to claim 5 or 6 wherein said 10 
other relevant data is body weight or fat free mass 

of the person. 

8. An apparatus according to any of claims 1 to 4 
wherein it further comprises an estimating device *5 
which determines what stage of edema the person 
has by comparing the calculated index value of ede- 
ma with a reference value which represents the in- 
dex value of edema in normal physical condition. 

20 

9. An apparatus according to any of claims 1 to 4 
wherein it further comprises an estimating device 
which determines what stage of edema the person 
has by comparing the present index value of edema 
with the average of the index values of edema al- 25 
ready calculated. 

10. An apparatus according to any of claims 1 to 9 
wherein it further comprises a display (6) which 
shows the calculated index value of edema and/or 30 
the determined stage of edema the person has. 

11. An apparatus according to claim 10 wherein said 
display (6) shows a series of index values of edema 
already calculated, representing how the index val- 35 
ue of edema has been varied. 

12. An apparatus according to claim 11 wherein said 
display shows 10 to 15 averages of index values of 
edema, each average representing the average of -*o 
the index values calculated in each of 1 0 to 1 5 equi- 
divisions into which the length of time spanning from 

the outset to the latest measurement is divided. 

13. An apparatus according to any of claims 1 to 12 
wherein it further comprises a communication de- 
vice (11) which transmits to other data processors 
at least one sort of information selected among 
measured voltage, measured phase difference, 
some derivations therefrom, calculated index value so 
of edema, determined stage of edema the person 
has, and personal particulars. 

14. An apparatus according to claim 13 wherein said 
communication device (11) receives the results of 55 
a given process executed on said information in 
said other data processors. 



15. An apparatus according to any of claims 1 to 14 
wherein it further comprises a writing device which 
writes one sort of information selected among 
measured voltage, measured phase difference, 
some derivations therefrom, calculated index value 
of edema, determined stage of edema the person 
has, and personal particulars. 
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